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ABSTRACT : PROBLEM TO BE SOLVED: To provide a numerical aperture of an objective lens and a 
material for a transparent layer unaffected by the thickness of a transparent layer 
protecting a recording material. 

SOLUTION: An optical head device 3 has a laser element to emit a laser beam and an 
objective lens 36 to converge laser beams from the laser element at a prescribed position 
and a prescribed depth of a recording surface of an optical disk D, and a mumerical 
aperture NA of the objective lens is set to satisfy NA4xd<0.0744 according to a 
thickness d of a transparent protective layer for protecting the recording layer 103 (113) of 
the optical disk, i.e.. transparent substrates 101 and 1 1 1 . As the result, without being 
affected by spherical aberration derived from the transparent substrate which is the 
protective layer, the recording density is enhanced. By specifying a material for the 
protective layer in accordance with the numerical aperture of the subjective lens, the 
recording density is enhanced without adding specified structure to the optical disk device. 
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li, ^ y 7^-^ u>-xi 2^r^t9^^T7fem^:l^m$n. 

lE^tvT. ^^7fet:'— i^s^Xy y^ 1 3 SrSii-r^o 

[0 0 5 7] t'"A;^Xy 1 3 ^gigUfc if 
-i^NLfl. l/4&eigl 4^ili§i-^- <irirJ:*?M7t 

— ^ 3 1 bco^r-^itf ^"3 sirr^ttrtutt^n^o 

[0 0 5 8] tL-^iff ^ ^-3 5i::^rt$nfcU— y-'t' 
— ALfi, 3i:-^±{f ^ 3 5 -C\ 7tx^:^^D(75feii 
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^</<^^(-onTSr/h$< {»<) /^>5o 
[0 0 5 1] tZ.hX\ >PffeU>'X3 6(?:)§SPtScNA§: 

^Mz:)im\zm7LX. wi7L\tmwimzm\^hn^^m\y 

VX (NA-O. 9g*^T'llffl^t:$nTl^'5) cOlSft 
[0 0 5 2] -:fj. 3g?^S« (^fS^) coJf:^S:^< 

[0 0 5 3] ^fc. mmmmz^im^n^uwiz^ mm 

^ 3.52X10"' 
... (4) 

m^zm^^ri. mm^(Dmm(Dm^\zuM$i^^. 
loo 5 9] yty^^:^^D(Dtd.^mzM[^^ti. ^mm 

XR^^rifz^mi^-lfh^-J^L' It. *fi^UVX3 6 
*3J;t/lE-^_bif ^ ^-3 5 ^JilltdM^n. i/4Rg;E 

1 4\zx^nv'F]myt/)^b\Kmmmz{M^vtm^-mm^ 

ti-ce-i.^xy 1 3{;:^rt^n^o cco<Jr#. S 

htti^$ritzmw<D\^—'^}f'—M.L(om^:^\^izni^x 

■^J:9^9 0* mfj:^\^^\Z\B}m^nxV^^^^h. Stt 
y-'t'-AL' y 1 3coil^®t;i 

[0 0 6 0] fc'— AJ^Xy ^/^ 1 3\ZX^. 
■y^l 1 /)>hM^i-'>'y<3 6 trr^Ttf^^ if t:'— i=^L<^57' 
[0 0 6 1 J t:'-A;:^Xy ^ 1 5 SrSig bfcStt L^-- 

-yt:'-AL' a ii5i^u>'Xi eclj: (9^^co;^ft# 
^4#tt;ef5efe^$ix. $b(Ci:/y >-Ky>i7yHxvXi Sir 

[0062] y'^hx'fx^^i gdsett^tiTtSttu- 
— ift:-— j^L' a fi. NxVt^^^ 1 9{cJ:<9.^ 

— m -^COl^aifi. ZCOf^'jTH, /Il*a<7:>^N.*Clf5i 

[0 0 6 3] hT^'^y'^-i^ 1 9tr J: 
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[0 0 6 4] zcot^. y:t—:^y^^y—m^-izM<5i' 
^37 (*f4^u>^X3 6) ^'^yty'-(:^i^D(Dn^mmiz& 

[0 0 6 5] ^I'-M.^^y'V ^y^ 1 5XRM^ritim^<D 
^coi|3imft/5^-^;tbn-C. h y i:^ -m(D^mcomi^!ilz 

^im^ri^ypi- V'f^i'T^^ 2 2(Dm^v.ti:\,^^^mz 

[0 0 6 6] y7>rV'f-(y'^^ 2 2(Dm^\^^J:\^^^%^ 

^b*, 1 9 8 9^^i^^wmm mz$rm\zm.m^i^ 
-rv^s) hy^yi^-rtim^-izmm^ri^. );xr. 

y^ Vf^^r^^ 2 2twJ: Vyy^-rK\^ 

^f^<-tfz.}h(D Vyv^Um-^fl^^ Vy v^^y^t'^n 
[0 0 6 7] Z(Dt^^ y it Yy ^=r^ ^ 22(Dm^\^ 
xm%^'kmrLYyv^'T^\%^\'Z^^\^X. ^^^V4 

1, 4\\z.fj\'^(D^^(o'm^K.t-Wi^^^^z.hx\ 

4 4. 4 4iCj: i9^^^nTV^^a^<Jr(??ma#t@S'f^ 

i^-:5tL7;iMr, u^^x^j^/u^^'s 7 (i-Ttcibo^^^uv^xa 

6) 7txV^^Dc7?fS^ffit-f„^oT. ^fttj^fl^o 

Vyv^'ff\.m^'^%^^'mt\^X\%.^^\7L\^^ 
irUrCD (^V^^^ hy=>^^) J:::JoV ^TJtS < ^ij^ ^ 
;^TV^^ 3 ^-I^^^m%:>MWiX^^. 40 
[0 0 6 8] &l_hflP^L/ciJ: Eii 7^J:v^L[l]5ir^ 
X.fz.it'f ^y'^m.WWz^h.M. 116 tcij^LTt J: 9^.^/5 
^d;0^^;t^;h.7t@|qS;K (^fiS) 1 0 l:Joi:r/l 1 

%K^^t>^z.ti)^x^^. ^fc. z+i^U'VXs ecoTfl 
[0 0 6 9] 4^^b\ 7tT=-V^^^:iyi:t>'7£x>:7. ^a^H^ 
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TfcoT'bii^ S/c. y ^ y^^(DWMt\.x\±. ^rt 

[0 0 7 0] 

NA' X d ^ 0,0744 

(7:>mmiz^'^-r^ ^.tx-^B mm^t^.x^^^^v'^ y ^ 
[0 0 7 1 ] ^/c. z<D^mizxix\i. msm mmm 

(n' -1) /8n' XNA* Xd ^ 3. 52X1 

o-^ 

mn^m'^'r^z.tx. ^Bmm^tix\f^^ity'^ y^ 

^:zt/)>x^^o 

[0 0 7 2] Z<DmmiZXiXlt. Sl^^^COi? 

fzttiz^ in' -1) /8n' XNA* Xd S 
3. 5 2 X 1 o-'^?iJ5&-r^i: ^it^uvXcT^^MP 

[mi] za:>mm(Dm^mm^mm-^mt^^v'^ y^ 
m2] miizf^i^fzyty^ y<:^mm^zmm'^^^j:^-^ 

\m3\ m2\Zff^\^fz%^yY^^W<nr^^=i.:x.^^(0 

m4\ m2\z^^\^tL%-^y Ymm.(r>mi^%^^(n~'m 

[1^5] m3\Z^.\^tz.T ^ =5- n-zr. — ^ (Dl^l^XT^fV^ t 

[ig]6] m\fi\''\.m^\z^\^fz%^' Ay^^mmzmm 
~^^x\ t'^mj&i^^^^^ztcDx^^^mmw^ aty 

u:yy:o:>mn^NAtity-iy':^Do:>%mm<om^d t 
(om%^^^-r^/yy. 

[n^mm] 

3 K^e. 
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mmm. 



1 1 2 •••lE^-^-iJ' ( 

I 1 3 •••15^^, 

I I 4 ■••;i-ffifEiitx-<^^. 
1 1 5 -mmm. 
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